1. Introduction
===============

Falls are one of the main causes of trauma-related hospitalizations and client to emergency departments among the 0- to 18-year-old children.^\[[@R1]--[@R8]\]^ In high-income countries, injuries due to falls are the 14th leading cause of disability-adjusted life years for all age groups combined.^\[[@R9]\]^ In developing countries, falls accounted for 25% to 52% of all treated child injuries in hospitals.^\[[@R10]\]^ Falls can result in serious consequences for children, including fractures, permanent neurological impairment, death, and serious lifetime cognitive and physical disabilities.^\[[@R11]--[@R16]\]^ Fractures are common among all the pediatric injuries and they comprise 10% to 25%.^\[[@R17],[@R18]\]^ Some studies have shown an increasing incidence of pediatric fractures at specific sites.^\[[@R19]--[@R22]\]^ However, population-based data on overall pattern and epidemiological trends of traumatic fractures (TFs) resulting from falls in children and adolescents are scarce.

Although fractures due to falls account for a small proportion of injuries among children, many of them are preventable by modifying the environment and strengthening the education. We believe that the changes of incidence are partly explained by children\'s activity patterns. Further investigations may help to identify preventive measures to reduce the incidence of TFs involving falls. So the pattern and epidemiologic trends of TFs resulting from falls and the related nerve injury is important for prevention and education. In the present study, we reviewed a multicenter database of falls in a population of children and adolescents ≤18 years of age that happened over a 10-year period between 2001 and 2010 in China. The incidence and pattern were summarized with respect to the different age groups, year of admission, etiologies, genders, and the neurological function to provide information on this important childhood public health problem in China.

2. Materials and methods
========================

2.1. Study population
---------------------

We retrospectively reviewed 2502 children and adolescents (≤18 years old) who presented with fractures between January 2001 and December 2010 and who were admitted to our university-affiliated hospitals, and among which 1412 patients had TFs that resulted from falls (Fig. [1](#F1){ref-type="fig"}). The patients included all children and adolescents who presented with TFs admitted as inpatients and patients treated as outpatients in the emergency clinic were not included because electronic medical records about emergency patients are not available. Our study population represented referrals from other hospitals and it also included an unselected group of patients. Chongqing Municipality is a city located in southwest China. The data were collected from Third Military Medical University-affiliated hospitals, which are the 2 largest public tertiary hospitals located in the Shapingba District. The Shapingba District is a core district located in the northwest region of Chongqing. We searched the ID numbers of all patients (≤18 years old) presented with fractures in the medical records system, and then the medical records were reviewed and assessed by 2 independent doctors who had not participated in treating any patients according to the ID numbers to extract the data such as etiology, gender, age, ASIA score, fracture sites, and nerve injury. We made definitive diagnoses of TFs in patients using x-rays, computed tomography (CT), and magnetic resonance imaging (MRI). Etiologies included high fall (height ≥2) and low fall (height \<2 m). The American Spinal Cord Injury Association (ASIA) scoring standard was used to assess spinal cord injury. The traumatic brain injuries (TBIs) were divided into closed craniocerebral injury (CCI) and open craniocerebral injury (OCI). CCI includes cerebral concussion, cerebral contusion and laceration, and brainstem injury. Multiple fractures meant fractures happen in \>1 part such as spine, upper limbs, lower limbs, craniofacial part, and sternum/rib. The study protocol and this manuscript were approved by the committee on ethics and the institutional review board of our institution.
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2.2. Statistical analysis
-------------------------

All statistical analyses were performed using SPSS version 22.0 (SPSS, Inc, Chicago, IL). Pearson χ^2^ tests were conducted for assessing differences in age, sex distribution, and clinical characteristics between the 2 groups. The continuous variables such as current age were expressed as mean ± standard deviation (SD) and differences between 2 groups were evaluated using independent samples *t*-test because the data were normally distributed.

3. Results
==========

3.1. Demographic features and general characteristics
-----------------------------------------------------

The study included 1412 patients (1054 males and 358 females) with a mean age of 10.8 ± 4.7 years and a sex ratio of 2.9:1. The most common etiology was low fall (1059, 75.0%) and the other was high fall (353, 25.0%). There were 2073 fractures in total and 92 patients (6.5%) presented with multiple fractures. The most common fracture sites were upper extremity fractures in 814 patients (57.6%) and lower extremity fractures in 383 patients (27.1%), followed by craniofacial fractures in 233 patients (16.5%). Among the patients who presented with upper extremity fractures, humeral fractures were seen in 414 cases (29.3%), radial fractures in 272 cases (19.3%), ulnar fractures in 232 cases (16.4%), fractures of the clavicle in 69 cases (4.9%), metacarpal fractures in 14 cases (1.0%), and phalangeal fracture in 3 cases (0.2%). Among the patients who presented with lower extremity fractures, femoral fractures were seen in 175 cases (12.4%), tibia fractures in 136 cases (9.6%), fibular fractures in 69 cases (4.9%), calcaneal fractures in 28 cases (2.0%), pelvic fractures in 23 cases (1.6%), patellar fractures in 19 cases (1.3%), and talar fractures in 10 cases (0.7%). Among the patients who presented with craniofacial fractures, parietal fractures were seen in 51 cases (3.6%), temporal fractures in 50 cases (3.5%), occipital fractures in 48 cases (3.3%), basilar skull fractures in 43 cases (3.0%), and frontal fractures in 34 cases (2.4%). There were mandible fractures in 49 cases (3.5%), nasal fractures in 14 cases (1.0%), maxillary fractures in 10 cases (0.7%), orbital fractures in 10 cases (0.7%), and zygomatic fractures in 6 cases (0.4%).

A total of 231 (16.4%) patients suffered a nerve injury. Among the patients who presented with a nerve injury, brain injury were seen in 137 cases (9.7%), spinal cord injury in 27 cases (1.9%), cranial nerve injury in 7 cases (0.5%), and spinal nerve injury, in 67 cases (4.7%). A total of 275 (19.5%) patients presented with early complications/associated injuries (ASOIs) and 130 patients (9.2%) presented with late complications/ASOIs. Early complications/ASOIs included nerve injury (n = 231), hemorrhagic shock (n = 7), lung injury (n = 26), splenic injury (n = 3), osteofascial compartment syndrome (n = 6), renal injury (n = 6), retroperitoneal hematoma (n = 6), liver injury (n = 4), and cardiac injury (n = 1). Late complications/associated injuries included infection (n = 30), decubitus ulcers (n = 2), fracture malunion (n = 78), fracture nonunion (n = 13), traumatic arthritis (n = 1), myositis ossificans (n = 5), and death (n = 3).

The incidences had a little seasonal variation and an obvious time variation, with peaks in autumn (28.4%) and 16 to 20 post meridiem (PM) (32.7%). The seasonal distribution map showed that autumn accounted for 28.4%, summer accounted for 27.3%, spring accounted for 23.5%, and winter accounted for 20.8%. The time distribution map showed that 16 to 20 accounted for 32.7%, 12 to 16 accounted for 30.3%, 8 to 12 accounted for 19.3%, 20 to 24 accounted for 10.4%, and other time accounted for 7.3% (Fig. [2](#F2){ref-type="fig"}).
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3.2. Characteristics respect to different age groups
----------------------------------------------------

The most common age group was the 12 to 15 year age group (301, 21.3% of all patients) and the patients in the age group had the largest sex ratio of 5.0. The patients in the 4 to 6 year age group had the lowest sex ratio of 1.8. The frequency of emergency admission was the highest in the ≤3 year age group (45.5%) and lowest in the 3 to 6 year age group (37.7%). The frequency of medical insurance was low in the ≤3 year age group (36.4%) and highest in the 13 to 15 year age group (52.8%). The frequency of spine fractures was significantly higher in the 15 to 18 year age group (n = 47, 16.7%) than the other groups (all *P* \<.001). The frequency of upper extremity fracture was significantly higher in 6 to 9 year age group (n = 178, 70.6%) than the other groups (all *P* \<.05) except for 9 to 12 year age group. The frequency of lower extremity fractures was significantly higher in 15 to 18 year age group (n = 121, 42.9%) than the other groups (all *P* \<.001) except for 12 to 15 year age group. The frequency of craniofacial fracture was significantly higher in the ≤3 year age group (n = 47, 42.7%) than the other groups (all *P* \<.01) (Table [1](#T1){ref-type="table"}).
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Characteristics of 1412 TFs resulting from falls according to different age range groups.
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3.3. Characteristics respect to different year of admission, etiologies, and gender
-----------------------------------------------------------------------------------

The overall annual incidence of children and adolescent fractures was (1316.1 ± 597.4) cases per 1,000,000 hospital admission per 2 years. Annual incidence rates increased exponentially with year of admission from 322.1 to 1474.2 cases per 1,000,000 hospital admission per 2 years. The frequency of emergency admission was gradually increased from 26.3% to 41.2% with the year of admission. The frequency of medical insurance was significantly increased from 26.3% to 66.8% (*P* \<.001) with the year of admission (Table [2](#T2){ref-type="table"}). The frequencies of emergency admission, nerve injury, spinal fracture, lower extremity fractures, craniofacial fracture, sternum and rib fracture, and early complications/ASOIs were significantly larger in high fall than low fall (all *P* \<.001, respectively). The frequencies of medical insurance (*P* = .042) and upper extremity fractures (*P* \<.001) were significantly larger in low fall than high fall (Table [3](#T3){ref-type="table"}). The frequencies of spinal fracture (*P* = .039), lower extremity fractures (*P* = .048), and craniofacial fracture (*P* = .041) were significantly larger in female than the male patients. The frequency of upper extremity fractures (*P* \<.001) and mean age (*P* \<.001) was significantly larger in male than female patients (Table [4](#T4){ref-type="table"}). Patients with nerve injury presented with significantly larger frequencies of emergency admission, high fall, spinal fracture, and craniofacial fractures (all *P* \<.001, respectively) than the other patients without nerve injury (Table [5](#T5){ref-type="table"}).
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Characteristics of 1412 TFs resulting from falls according to different year of admission.
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Characteristics of 1412 TFs resulting from falls according to different etiologies.
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Characteristics of 1412 TFs resulting from falls according to different genders.
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Characteristics of 1412 TFs resulting from falls according to nerve injury.
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4. Discussion
=============

China is a rapidly developing country undergoing significant economic expansion. Chongqing Municipality is a city of 31,442,300 located in southwest China, and the rural population accounted for 61.7% in 2009. The rural residents account for mean 55.1% and 56.9% in Chongqing. So we think that these 2 particular hospitals which were the 2 biggest public tertiary hospitals located in Shapingba District in Chongqing can represent a typical urban/rural setting in China. Fractures are a common problem in children and adolescent, rates are higher among boys than girls with a sex ratio of 2.9 in the study, and the results are in concordance with previous published data.^\[[@R23]\]^ Male incidence rates peak later than those among females, the results were consistent with previous study.^\[[@R24]\]^ The patients in the 15 to 18 year age group had the highest frequency of spinal fracture and complications/ associated injuries. The combinations of extrinsic and intrinsic factors which vary with age are the causes of fractures.^\[[@R21]\]^ The incidences had a little seasonal variation and an obvious time variation, with peaks in autumn (28.4%) and 16 to 20 PM (32.7%). The results were partly consistent with previous study.^\[[@R25]\]^ We believe the pattern of TFs among the children and adolescent is partly explained by children\'s activity patterns and whether the time is rush hour or dismissal time. Also, the number of patients treated for fall-related fractures increased with age and a higher incidence of injuries among children happened during the autumn and summer months. Although fractures due to falls account for a small proportion of injuries among children, resulting in serious injury including death, many of them are preventable by modifying the environment and strengthening the education including increasing public awareness and caregiver education. Consideration should also be given to legislative strategies that have shown success in other cities and states.^\[[@R24],[@R26]--[@R30]\]^

The most common fracture sites were upper extremity fractures (57.6%) and lower extremity fractures (27.1%), followed by craniofacial fracture (16.5%). The results were consistent with previous study which showed that most of the fractures (73%) involved upper and lower extremities (22%).^\[[@R29]\]^ Most studies showed that forearm fracture was the most common diagnosis,^\[[@R30]\]^ but the fractures in the studies were caused by all etiologies, not only fractures caused by fall. High fall presented with significantly larger frequencies of spinal fracture, lower extremity fractures, and craniofacial fracture than low fall, but on the contrary, in the frequency of upper extremity fractures. So, we can see that spinal fracture, lower extremity fractures, and craniofacial fracture most common happen in high fall which with greater violence, upper extremity fractures most common happen in low fall during which people are used to contacting the ground with hands to support their bodies. In the present study, the number of patients presented with TFs increased with age from 110 to 282. Frequencies of spine fractures in the 15 to 18 year age group and craniofacial fracture in the ≤3 year age group were significantly higher than the other groups. So, we should focus on patients in the 15 to 18 year age group whether there are spine fractures and in the ≤3 year age group whether there are craniofacial fractures when they come to the hospitals. Frequencies of spinal fracture, lower extremity fractures and craniofacial fracture were significantly larger in female than male patients. The frequency of upper extremity fractures and mean age was significantly larger in male than the female patients. So, we can see that the pattern of fractures among the patients caused by falls has its own characteristics according to different etiologies, age groups, and genders, so targeted intervention methods should be taken to decrease the incidence and burden of falls.

In our study population, the frequencies of nerve injury, early complications/ASOIs, and late complications/ASOIs were 16.4%, 19.5%, and 9.2%, respectively. The patients in the 6 to 9 and 15 to 18 year age groups had the highest frequency of nerve injury (19.0% and 18.8%, respectively). Patients with nerve injury presented with significantly larger than the other patients without nerve injury in the emergency admission rate, frequency of high fall, spinal fracture, and craniofacial fractures. Falls can result in serious consequences for children, including fractures, permanent neurological impairment, death, and serious lifetime cognitive and physical disabilities.^\[[@R11]--[@R17]\]^ Therefore, focusing on risk factors such as high fall, spinal fracture, and craniofacial fractures and modes of prevention is important; prevention and education play an important role in decreasing children\'s disabilities. The 3 most common early complications/ASOIs were nerve injury (16.4%) and lung injury (1.8%). The most common late complications were fracture malunion (5.5%) and infection (2.1%). The frequency of early complications/ASOIs was significantly larger in high fall than low fall. The timely discovery and correction of uncontrolled hemorrhagic shock, timely treatment of pulmonary contusion, and prevention and treatment of infections are all important for the treatment of TFs among the patients who are children or adolescents.

This study has several limitations. First, it was limited by the retrospective study design and by the small sample size. Second, the patients included all children and adolescent patients admitted as inpatients and patients treated as outpatients in the emergency clinic were not included because electronic medical records about emergency patients are not available. Third, there may be selection bias because this study includes patients who were referred to our teaching hospitals. Although there were several limitations, but our study was the most recent study to show the incidence and pattern of child and adolescent TFs as a result of falls in China. It provided initial information on this important childhood public health problem. Injury should be attributed to poor awareness of the injured children, their parents, and teachers, who should pay more attention to injury prevention and take some relevant measures for causes of injury in school children.^\[[@R30]\]^ Results of the study showed that incidence of injury could be effectively controlled after we know more about the causes of injury and take effective measures.^\[[@R30]\]^ In the near future, other researchers will take multicenter study including many cities to show more comprehensive information according to our study, all investigations may help to identify preventive measures to reduce the incidence of fractures involving falls among child and adolescent.

5. Conclusions
==============

Low fall and upper extremity fractures were the most common etiologies and sites, respectively. High fall, spinal fracture, and craniofacial fracture were risk factors for nerve injury. Therefore, we should focus on patients who were caused by high fall and presented with spinal and craniofacial fracture to determine the presence of a nerve injury so that we can provide early, timely diagnosis and targeted treatment to children.

Abbreviations: ASIA = American Spinal Cord Injury Association, ASOIs = associated injuries, CCI = closed craniocerebral injury, CT = computed tomography, MRI = magnetic resonance imaging, OCI = open craniocerebral injury, TBIs = traumatic brain injuries, TFs = traumatic fractures.
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